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ABSTRACT

A bi-directional, digital data transmission system is dis-
closed for transmitting an interrogation signal in a first
direction from an interrogation unit to a data gathering
transponder unit, and a data return signal in a second
direction from the meter or data gathering transponder
unit to the interrogation unit. This system comprises a
single transformer having a primary winding coupled to
the interrogation unit and a secondary winding coupled
to the transponder unit. The interrogation unit gener-
ates an interrogation signal comprised of a first train of
regularly occurring digital clock pulses and transmis-
sion interval pulses, each transmission interval pulse
defining a transmission interval for the transmission of
the data return signal. The transmission interval is set to
be of a sufficient length to permit the transformer to
desaturate to a level to permit efficient transmission of
the data return signal to the interrogation unit. The
transponder unit includes a data transmitting circuit
responsive to the transmission interval pulses appearing
at the secondary winding for generating and applying,
during the transmission intervals, digital signals indica-
tive of the gathered data to the secondary winding to be
transmitted via the transformer to the interrogation
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1

INDUCTIVE COUPLING SYSTEM FOR THE
BI-DIRECTIONAL TRANSMISSION OF DIGITAL
DATA

FIELD OF THE INVENTION

This invention relates to an inductive coupling sys-
tem for bi-directionally transmitting data between an
interrogation unit and a transponder unit and, in partic-
ular, to such an inductive coupling system for transfer-
ring digital data indicative of utility consumption, e.g.,
water, gas or electricity, from the transponder unit in
one direction to the interrogation unit, and a power/-
clock signal and/or a data bearing signal in an opposite
direction from the interrogation unit to the transponder
unit.

DESCRIPTION OF THE PRIOR ART

It has been a long-standing problem of utility compa-
nies dealing with the distribution of such utilities as
water, gas or electricity, for example, to obtain an indi-
cation of the utility consumption by each of its custom-
ers, so that customers may be accurately billed for their
consumption. It has been a typical practice for the util-
ity company to employ “meter readers” to visit each
customer location or home and take the reading, by
visually observing the meter and recording in tabulated
form a hand-written record of the utility consumption
and the corresponding customer. Such a method is very
time-consuming and, thus, costly in that the meter
reader must typically gain access to the interior of the
customer’s house, wherein the meter is located, and on
many occasions will find the customer absent, thus
requiring repeated return visits to secure the necessary
reading.

U.S. Pat. No. 3,806,904 of Weinberger et al., assigned
to the assignee of this invention, discloses a utility me-
ter, illustratively a water meter, for measuring the flow
of water to incrementally record upon a coupled, me-
chanical-type register, an indication of the amount of
water consumed by the customer. Typically, the porta-
ble interrogation unit is carried by the meter reader to
the customer’s location and is coupled to an external
receptacle, which is connected by a cable to the register
disposed inside of the customer’s home or place of busi-
ness. Upon coupling of the unit to the external recepta-
cle, a readout signal, indicative of the water consump-
tion by the customer, is transmitted from the register to
the interrogation unit.

The mechanical register associated with the water
meter, as described in the Weinberger et al. patent,
comprises a series of wheels, the positions of which
indicate successive magnitudes, e.g., units, tens, hun-
dreds, thousands, of the quantity of water consumed.
For example, the water meter incrementally moves the
register for each 100 or 1,000 gallons of water that the
customer has consumed. An electrical signal is derived
to indicate the position of each of the wheels and, thus,
the water consumed by a plurality of resistance ladders,
one associated with each wheel. Selected connections
are made to the external receptacle disposed upon the
exterior of the customer’s home or place of business,
whereby the utility reader may readily gain access to
the mechanical register. In addition, a circuit-board or
wiring matrix is disposed illustratively within the exter-
nal receptacle, that is so configured or wired to
uniquely identify the customer.
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In order to obtain a meter reading, the meter reader
gains access to the remote receptacle by coupling a
connector in the form of a gun through a removable
face plate, whereby the interrogator gun including
contacts is coupled with contacts within the external
receptacle so that an electrical connection is made be-
tween the portable interrogation unit and the mechani-
cal register associated with the utility meter. Upon in-
sertion of the interrogating gun, the control logic asso-
ciated with the portable interrogation unit, sequentially
reads out or obtains an encoded readout signal from the
resistance ladder associated with each of the wheels of
the mechanical register, and a six-digit identification
signal from the aforedescribed wiring matrix.

Contact problems are encountered in the intercon-
nection made between the interrogator gun and the set
of contacts within the external receptacle, and these
mating sets of contacts must be protected by suitable
coatings that will not be corroded by moisture or con-
taminants within the atmosphere. A further problem
resides in the relatively expensive nature of encoding
each utility meter with a unique identification number
identifying the customer. The wiring matrix utilized in
such a system typically is hand-wired to provide the
unique six-digit customer identification number. Fur-
ther, such a manufacturing process requires that the
matrix be manufactured at the factory and, then, in-
stalled at the customer’s location.

U.S. Pat. No. 3,840,866 of St. Claire et al. discloses a
meter reading system that overcomes the contact prob-
lems of the type described above by transferring binary
coded decimal signals indicative of the utility consumed
by radiant energy emission. In particular, St. Claire et
al. discloses a receiver and a fixed unit or transmitter.
The fixed unit includes a decimal sequence controller
which accesses each of four switches of the transmitter,
whereby the decimal data indicative of the meter read-
ing is read out through a complex of diodes to energize
selectively one of four radiant energy transmission
means. St. Claire et al. discloses such radiant energy
means in the form of either an electromagnet and a
corresponding reed switch, or a light source and a cor-
responding photo cell. In particular, the output of each
of the four switches is coupled to a corresponding set of
radiant energy means disposed in an array within the
transmitter. The receiver has a similarly disposed array
of receiving elements, i.e., either the reed switches or
the photo cells, that are aligned to detect the radiant
energy as generated by each of the corresponding radi-
ant energy transmission means. The reed switches are
illustratively connected to a binary to numeric con-
verter that interprets the binary data indicative of the
utility consumed and provides a corresponding digital
display. In operation, the portable interrogator unit is
disposed with respect to the transmitter such that the
arrayed sets of electro magnetic relays and reed
switches are aligned with each other and, then, a switch
is closed in the portable unit to energize a starter elec-
tromagnet to close a related switch within the transmit-
ter, whereby a transmitter battery is connected in cir-
cuit to energize the elements of the transmitter. Upon
completion of the readout, the starter electromagnet is
de-energized, whereby the transmitter battery is re-
moved from circuit and the transmitter is de-energized.
A drawback of the St. Claire et al. system relates to its
use by the transmitter of a battery that has a finite life
requiring periodic replacement. Even if a conventional
AC source would be substituted for such a battery,
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there is still the possibility of power failure. In addition,
St. Claire et al. employs decimal switches coupled to
their meter, each such switch employing a wiper
contact moving across one of ten contacts. Such en-
coder switches are subject to corrosion due to the pres-
ence of moisture or other contaminants in the atmo-
sphere, unless coated with expensive metals such as
gold. In particular, contact resistance occurs due to
contamination such that the output signal prevents a
transmission of a corresponding signal.

U.S Pat. No. 4,085,287 of Kullmann et al. discloses a
solution for the problem incurred by the use of a battery
or other electric power source within the transponder
or transmitter associated with the utility meter. In par-
ticular, Kullmann et al. discloses an interrogation cir-
cuit that is coupled via a pin plug and corresponding
socket receptacle to a transmitter associated with the
meter. The meter is associated with four finger or wiper
switches similar to those of the St. Claire et al. patent
’866. The four switches represent the 0, 10, 100 and 1000
units of cubic feet of water as measured by the meter.
Upon coupling of the pin plug and socket receptacle,
the interrogation unit is actuated to transmit a clock/-
power signal via an input channel to the transmitter
associated with the meter. The clock/power signal is
rectified to charge a capacitor, whereby a DC voltage is
developed to energize the circuit elements of the trans-
mitter. In addition, the clock signals are used, not only
to scan the four switches, but also to time the transmis-
sion of a digital signal from the transmitter to the inter-
rogation unit in synchronism with the input clock sig-
nal. The output of the transmitter is developed from a
code generator logic circuit that applies its output along
an output channel within the pin plug and socket recep-
tacle to the interrogation unit, the output channel being
separate from the input channel. Each of the input and
output channels includes a male/female type of connec-
tion, as is well known in the art. The output or return
signal is in the form of a train of 16 characters, each
comprised of four bits. Four of the 16 characters are
used to provide data indicative of the position of the
switches. The output as obtained from each switch is in
the form of decimal binary data and is converted to
binary coded signals to be, in turn, transmitted in a
synchronous, serial fashion by the logic generator. The
ten other remaining characters of the output signal of
the transmitter relate to a unique code identifying the
particular meter. The unique code is provided by a hard
wire circuit dependent upon the selected interconnec-
tion of rows and columns of conductors. It is apparent
that the code of a particular meter may not be readily
changed or programmed without replacing the entire
identifying code matrix. The system disclosed by the
Kullmann et al. patent '287 would be subject to the
problems associated with corrosion of its pin plug and
socket receptacle, as well as its four decoder switches.

U.S. Pat. No. 4,132,981 of White, assigned to the
assignee of this invention, provides a solution to those
problems caused by the corrosion of the contacts of the
pin plug and socket receptacle, as well as of the decoder
wheel switches. The mechanical register as formed by
the set of decoder wheel switches is replaced by an
electronic counter and, in particular, a non-volatile
MNOS memory that accumulates and stores counts
indicative of the flow of the metered utility. In particu-
lar, the White patent *981 discloses a pulse generator
coupled with the utility meter to provide a signal typi-
cally in the form of a pulse-like electrical signal indica-
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4

tive of the consumption of a given quantity of the util-
ity. These pulses are applied to, stored within and accu-
mulated by the non-volatile memory of a meter tran-
sponder. In addition, the memory can be programmed
with a second word indicative of the particular meter
being interrogated. The transponder includes the mem-
ory as well as a sequencing control logic circuit. The
pulse generator is selectively coupled by the sequencing
control logic to store and accumulate pulses in the non-
volatile memory. The White patent *981 discloses a
portable interrogation unit that may be carried to each
customer location and coupled to the transponder to
apply an interrogation signal to the transponder
whereby a return signal indicative of the accumulated
count is transmitted from the meter transponder to the
interrogation unit. The interrogation signal is illustra-
tively a burst of a clock signal of 30 KHz and serves to
energize the circuit elements of the transponder. Simi-
larly, each pulse derived from the pulse generator also
energizes the circuit elements of the meter transponder,
whereby the meter transponder does not require a sepa-
rate power source. The interrogation unit applies its
interrogation signal to the primary winding of an induc-
tive coupling, whereas the secondary coil of the induc-
tive coupling is associated with the meter transponder.
To effect coupling, the primary and secondary wind-
ings are aligned with each other and the interrogation
unit actuated to transmit its high frequency interroga-
tion signal to the meter transponder. The meter tran-
sponder employs a distinct separate channel for the
transmission of data from the meter transponder to the
interrogation unit illustratively taking the form of a
light emitting diode that is actuated to transmit a se-
quence of light bursts that are directed onto the base
region of a light-responsive transistor, which is in turn
coupled to the recording circuitry of the interrogation
unit. While having many advantages over the prior art
meter readers, the use of the aforedescribed light cou-
pling is not entirely satisfactory in that lenses are re-
quired to focus the light from the light emitting diode
onto the light responsive transistor, which lenses may
be coated with dirt or become cracked in use.

Therefore, it is highly desirable to provide a method
of coupling the interrogation unit to the meter transpon-
der unit in a manner that the transmission of data will
not be adversely effected by corrosion or the presence
of dirt, the presence of which may be readily contem-
plated in the environment of many meter transponders
The White patent *981 suggests the use of inductive
coupling, but employs the inductive coupling to trans-
mit only a power signal from the interrogation unit to
the meter transponder. It is contemplated that a second
inductive coupling could be used in lieu of the light
coupling, but such additional inductive coupling would
not only increase the expense of the meter transponder,
but also would not ensure that the signals transmitted to
and from the meter transponder are synchronized with
each other.

SUMMARY OF THE INVENTION

Thus, an object of this invention is to provide a new
and improved data transmitting system that avoids the
problems of corrosion and contamination present in the
prior art.

It is a further object of the present invention to pro-
vide a new and novel data transmission system utilizing
an inductive coupler for the bi-directional transmission
of data.



4,758,836

5

It is a still further object of this invention to provide
a new and improved data transmission system for the
transmission of digital data to a data transponder to
effect a read out and transmission of the interrogated
data via the same inductive coupler.

It is a still further object of this invention to provide
a new and improved data transmission system for the
transmission of digital data to a meter transponder from
an interrogation unit to effect programming of the
meter transponder of desired data illustratively taking
the form of the meter reading and customer ID number
at the time of meter installation.

1t is a still further object of this invention to provide
a new and improved bi-directional, digital data induc-
tive coupling system particularly adapted for use with a
portable interrogation unit and a meter transponder,
wherein a single inductive coupler or transformer is
employed to not only transmit an interrogation signal
and/or a programming signal from the portable interro-
gation unit to the meter transponder, but a return data
signal from the meter transponder to the portable inter-
rogation unit.

In accordance with these and other objects of this
invention, there is disclosed a bi-directional, digital data
transmission system for transmitting an interrogation
signal and/or programming signal in a first direction
from an interrogation unit to a data gathering transpon-
" der unit, and a data return signal in a second direction
from said data gathering or meter transponder to said
interrogation unit. This system comprises a single trans-
former having a primary winding coupled to the inter-
rogation unit and a secondary winding coupled to the
meter transponder. The interrogation unit generates an
interrogation signal comprised of a first train of regu-
larly occurring digital clock pulses and transmission
interval pulses, each transmission interval pulse defining
a transmission interval for the transmission of the data
return signal. The transmission interval is set to be of a
sufficient length to permit the transformer to desaturate
to a level to permit efficient transmission of the data
return signal to the interrogation unit. The meter tran-
sponder includes a data transmitting circuit responsive
to the transmission interval pulses appearing at the sec-
ondary winding for generating and applying during the
transmission intervals digital signals indicative of the
gathered data to the secondary winding to be transmit-
ted via the transformer to the interrogation unit.

In a further aspect of this invention, the interrogation
unit is not only operative in a data receive mode, but
also in a data transmit mode. In particular, the interro-
gation unit modulates the interrogation signal and, in
particular, selected of its clock signals with data to be
transmitted to the meter transponder. In the illustrative
embodiment, wherein this invention is adapted to inter-
rogate data from utility meters, the transmitted data
may be indicative of the particular ID number of mani-
festation of the meter being interrogated. In this man-
ner, the meter transponder may be reprogrammed or
programmed with an ID number indicative of the meter
being interrogated.

In a further aspect of this invention, the meter tran-
sponder includes a power conversion circuit which is
responsive to the clock signals of the interrogation sig-
nal to energize solely the elements of the meter tran-
sponder. In that illustrative embodiment, wherein this
invention is used to store and accumulate pulses indica-
tive of utility consumption, a generator is associated
with the utility meter and generates a set of pulse-like
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signals, each signal being indicative of a measured util-
ity flow. Each such pulse-like signal serves to energize
the meter transponder, whereby the pulse-like signal is
received and stored in a non-volatile memory. In order
to read out, a portable interrogation unit is coupled by
the inductive coupler to the meter transponder and an
interrogation signal is applied thereto. The interroga-
tion signal serves to energize the meter transponder and
to synchronize the operations of the meter transponder
with the clock signal of the interrogation signal. In
particular, each of the transmission interval pulses
clocks out a bit of data indicative of the consumed util-
ity to be transmitted during a transmission interval.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the pres-
ent invention will become apparent by referring to the
following detailed description and accompanying draw-
ings, in which:

Figure 1 is a schematic diagram in block form show-
ing the inductive coupling system of this invention for
bi-directionally transmitting signals between an interro-
gation unit and a meter transponder;

FIGS. 2A to 2D illustrate, when taken together, a
detailed circuit diagram of the ‘elements forming the
meter transponder as shown diagramatically in FIG. 1;

FIGS. 3A to 3P show the signals and the timing
thereof as provided by the circuit elements of the meter
transponder as shown in FIGS. 2A to 2D;

FIG. 4 is a detailed circuit diagram of the circuit
elements of the interrogation unit as shown diagramati-
cally in FIG."1; and

FIGS. 5A to 5F show the signals and the timing
thereof as generated by the circuit elements of the inter-
rogation unit as shown in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference to the drawings and, in particular, to
FIG. 1, there is shown an inductive coupling in the form
of a center tapped transformer 14 for the bi-directional
transmission of digital data between an interrogator unit
12 and a meter transponder 10. The meter transponder
10 is connected in circuit with a generator 16, which is
mechanically coupled with a utility meter (not shown)
to generate a series of pulse-like signals, each signal
indicative of the consumption or flow of a utility, e.g.,
100 or 1000 gallons of water. The meter transponder 10
is energized by each pulse-like signal derived from the
generator 16 for a period sufficient to accumulate and
store that pulse-like signal in a non-volatile memory
(NVM) 48. The meter transponder 10 responds to each
input pulse-like signal to increment a count as stored
within the NVM 48 and, after incrementing that count,
restoring the incremented count into an addressable
location of the NVM 48. In a typical application, the
generator 16 is directly and mechanically coupled to the
utility meter wherever it is located within the building
or home. The generator 16 is electrically connected by
a pair of wires to the meter transponder 10 that may be
mounted outside of the house, whereby it is readily
accessible to meter readers. A meter reader carries the
portable interrogator unit 12 that is typically battery
powered to apply an interrogation signal via the induc-
tive coupler 14 to the meter transponder 10, whereby
the count indicative of the consumed utility, as stored in
the non-volatile memory 48,’is read out and transmitted
via the inductive coupling 14 to the interrogator unit 12.
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The inductive coupling, in the form of the center
tapped transformer 14, serves to transmit the interroga-
tion signal in a first direction from the interrogator unit
12 to the meter transponder 10 and, in return, to trans-
mit a utility data return signal in a second opposite
direction from the meter transponder 10 to the interro-
gator unit 12. As illustrated in FIG. 1, a primary wind-
ing 14a of the transformer 14 is coupled and is integral
with the interrogator umnit 12, whereas a secondary
winding 14) of the transformer 14 is coupled to the
circuitry of the meter transponder 10. Illustratively, the
primary winding 14s may be mechanically mounted
within a probe or gun that is mated with a receptacle of
the meter transponder 10, whereby the primary and
secondary windings 14¢ and 144 are inductively cou-
pled with each other in close relationship, i.e., an air gap
of approximately 0.02 to 0.10 inches is provided be-
tween the windings 14¢ and 146b.

The generator 16 continuously generates pulse-like
signals, which are applied to and accumulated by the
meter transponder 10 and, in particular, by its NVM 48.
Meter readers periodically visit the meter location,
typically once a month. In order to obtain a reading of
the utility consumed and measured by the meter since
the last reading, the meter reader couples the primary
winding 14a with the secondary winding 14 as de-
scribed above. Thereafter, the meter reader actuates the
interrogator unit 12 to transmit its interrogation signal
via the transformer 14 to the meter transponder 10. As
will be explained in detail later, the meter transponder
10 uses the interrogation signal to energize its elements
and to synchronize its signal processing with the clock-
ing information contained within the interrogation sig-
nal. More specifically, the meter transponder 16 ad-
dresses that location within the NVM 48, wherein the
count indicative of the consumed utility is stored, and
reads out and transmits data indicative of that count as
the utility data return signal to the interrogator unit 12.
The interrogator unit 12 includes a memory, typically in
the form of a cassette or a semi-conductor addressable
memory for receiving and storing signals indicative of
the utility consumed, as well as a number identifying the
particular meter and/or customer.

The meter transponder 10 does not employ a separate
power source such as a battery or an AC line voltage as
would be found typically in home. If such a source of
energy was provided and failed, the meter transponder
10 would be unable to accumulate and/or read out the
stored comsumed utility count from the NVM 48.
Rather, the meter transponder 10 is adapted to be ener-
gized by the application of a pulse-like signal from the
generator 16 or the application of an interrogation sig-
nal from the portable interrogator unit 12. In particular,
the power reference and input decoder 20, as shown in
FIG. 1, rectifies the input signals from either of the
interrogator unit 12 or the generator 16 to provide ener-
gizing signals VDD and VSS to the circuit elements of
the meter transponder 10 for a period sufficient to effect
the various operations of the meter transponder 10 in-
cluding storage of the consumed utility count within the
NVM 48 and/or transmission of data to either of the
interrogator unit 12 or a serial interrogation port 18. In
an illustrative embodiment of this invention, the utility
meter and its pulse generator may be of the type as
described in U.S. Pat. No. 3,685,353 of Gestler, as as-
signed to the assignee of this invention; the output of the
generator 16 may be of a wave form, as illustrated in
FIG. 1, having a minimum amplitude of approximately
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+35 volts. It is understood that such an output signal
provides sufficient energization to turn on the meter
transponder 10, whereby the consumed utility count as
stored within the NVM 48 is read out and incremented,
before being restored within the designated location of
the NVM 48.

In a manner similar to that contemplated by the
above identified White patent 981, the meter transpon-
der 10 is responsive to each pulse-like signal as derived
from the generator 16 to cause the meter transponder 10
to increment the utility consumed count. In particular,
the power reference and input decoder 20 is responsive
to the pulse-like signals to apply an initiate signal INC
to the sequential control logic 28, whereby a pulse in-
crement mode of operation is implemented. In particu-
lar, an address generator 44 addresses that location
wherein the utility consumed count indicative of the
number of the previously received generator pulse-like
signals is stored within the NVM 48 and transfers that
count from its output terminal DO via the data gate 36
to the shift register 38. Thereafter, an adder 40 incre-
ments the utility consumed count by one, before the
incremented count is transferred from the shift register
38 to the input terminal DI of the NVM 48 to be then
stored in the courit storage location of the NVM 48.

The interrogator unit 12 applies in a first or transmit
data mode, an interrogation signal comprised of a train
of clock signals to synchronize the operations of the
meter transponder 10 and, in particular, to transmit a
meter data return signal indicative of the stored utility
consumed count to the interrogator unit 12. As will be

- explained in detail later, the input clock detect-circuit 22
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responds to the interrogation signal as transmitted by
the inductive coupler 14 and appearing upon its second-
ary winding 145, to recover a first clock signal CLK L1
and a second clock signal CLK L2, as shown in FIGS.
3A and 3B. These clock signals are applied to a data
sync generator 30 that serves to synchronize the utility
data return signal with respect to the interrogation sig-
nal. To transmit data indicative of the utility consumed
count from the meter transponder 10, as shown in FIG.
1, the control logic 46 effects a readout of the addressed
data from the NVM 48 {0 transfer that data to the shift
register 38. Upon being read out from the shift register
38, a start and stop bit is applied to the serial digital
signal by a start/stop bit circuit 42 before being applied
to the data output modulator 24. The data output modu-
lator 24 applies the utility data return signal, as shown in
FIG. 3E, to the secondary winding 145 to be transmit-
ted to the interrogation unit 12.

The use of a single inductive coupler or transformer
14 is permitted in that the transmission of the interroga-
tion signal in a first direction to the meter transponder
10 is timed or synchronized with respect to the trans-
mission of the utility data return signal, e.g., data indica-
tive of utility consumed count in the second direction.
Without synchronization, the inductive coupler 14
would saturate to a degree that would require an inordi-
nate amount of power for data transmission in either the
first or second directions. Thus, it is contemplated that
the prevention or, more accurately, the reduction of the
level of saturation is indeed significant to the illustrative
embodiment shown in FIG. 1, e.g., the use of a portable
interrogator unit 12 as would be typically battery pow-
ered to interrogate a meter transponder 10 that depends
solely upon an inputted signal to provide energization
for a limited period of time. As will be explained, trans-
mission intervals are established within the interroga-
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tion signal during which the inductive coupler 14 is
permitted to assume a relatively desaturated state that
permits transmission of the utility data return signals in
the second, opposite direction to the interrogator unit
12. As a result, the power required to transmit data in
the first and second directions between the meter tran-
sponder 10 and the interrogator unit 12 is minimized.

As illustrated in FIG. 1, the interrogator unit 12 is
operative in a first or transmit data mode to transmit its
interrogation signal to the meter transponder 10,
whereby data indicative of the utility consumed count
may be transmitted as the utility data return signal from
the meter transponder 10 to the interrogator unit 12.
The interrogator unit 12 and meter transponder 10 are
operative in a second or receive data mode, wherein the
interrogator unit 12 modulates with data the power/-
clock signal in a manner that may be decoded by the
meter transponder 10; this data as transmitted in the first
direction from the interrogator unit 12 to the meter
transponder 10 is decoded and subsequently stored
within the NVM 48. Illustratively, the received data
may take the form of a customer or meter identification
number, as well as the actual reading on the meter’s
mechanical register at the time of installation of the
meter transponder 10. In this way, the NVM 48 is not
required to be pre-programmed at the factory, but may
be later programmed and reprogrammed with a new
meter identification number by the interrogator unit 12
as the meter and/or the customer associated with the
meter transponder 10 changes. For example, the meter
identification number would identify each transponder
and its meter as being related to a particular customer so
that the utility consumed could be calculated and a
corresponding bill directed to the identified customer.
To this end, the power/clock signal transmitted from
the interrogator unit 12 is modulated with a new meter
identification number that is received by the data sync
generator 30 and applied to a pulse width demodulator
26 to provide decoded data indicative of the number as
supplied via a data gate 36 to the shift register 38.
Thereafter, the shift register 38, under the control of the
sequential control logic 28, shifts the demodulated data
into a location of the NVM 48 addressed to receive the
meter identification number. .

In addition, there is disclosed an internal clock oscil-
lator 32 that is energized by the power reference and
input decoder 20 to generate the relatively high fre-
quency clock signal INT CLK, as shown in FIG. 3G;
the clock signal INT CLK has a frequency typically in
the order of 200 KHz. The high frequency output of the
internal clock oscillator 32 contrasts to the frequency of
the clock signals CLK L1 and CLK L2 as generated by
the interrogator unit 12 and appearing as the output of
the input clock detector 22; the common frequency of
the clock signals CLK L1 and CLK L2 is illustratively
in the order of 20 KHz.

Referring now to FIGS. 2A and 3, the basic opera-
tion of the inductive coupler of this invention and, in
particular, the transformer 14 to bi-directionally trans-
mit data between the interrogator unit 12 and the meter
transponder 10 will be explained now in greater detail.
The interrogator unit 12 generates the pair of essentially
complimentary clock signals CLK L1 and CLK L2 that
are shifted in phase with respect to each other approxi-
mately 180° as shown in FIGS. 3A and 3B. In FIG. 24,
these outputs are marked with the notations 3A and 3B
indicating that the signals, as shown in FIGS. 3A and
3B, appear at these points in circuits. The signals, as
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graphically shown in FIGS. 3A to 3P, appear at various
points within the circuit diagram as are marked with
corresponding numerals identifying their figure number
in a manner as explained above. The clock signals CLK
L1 and CLK L2 are applied respectively to the primary
coils 142’ and 144" of the primary winding 14a of the
transformer 14. The secondary winding 145’ applies the
inductively coupled complimentary clock signals to a
diode bridge 50 comprised of diodes D1, D2, D3 and
D4, connected as is well known in the art, to provide a
positive phase of the signals appearing upon the second-
ary winding 14b at the node of the bridge between
diodes D3 and D4. The positive phase of the signal is
the clock signal CLK L1, as shown in FIG. 3A,
whereas the negative phase, as appears at the node
between diodes D1 and D2, is the clock signal CLK L2,
as shown in FIG. 3B. The clock signals are rectified and
separated as described above due to the selection of a
center tap primary winding 14a, wherein an appropriate
positive voltage is applied to its center tap 16.

The outputs of the bridge 100 are applied respec-
tively to a first path comprising diode D5, resistor R2
and inverter 58 to provide the first clock signal CLK L1
and to a second path comprised of diode D6, resistor R4
and inverter 60 to provide the second clock signal CLK
L2. Each of the clock signals CLK L1 and CLK L2 is
essentially a square wave clock signal and is applied to
the power reference and input decoder 20, which recti-
fies and thereafter charges a capacitor C2 to a level as
set by Zener diode Z1 that will permit energization of
the circuit elements of the meter transponder 10, as
shown in FIG. 1. In particular, a full wave rectification
circuit is formed by the diodes D2 and D3 in combina-
tion with capacitor C1 and resistor R 1, whereby the
capacitor C1 is positively charged. The Zener diode Z1
serves to regulate the voltage as it appears upon the
capacitor C2.

As illustrated in FIGS. 3A and 3B, the complimen-
tary clock signals CLK L1 and CLK L2 are generated
for a power-up interval sufficient to fully charge the
capacitor C2. Thereafter, a selected pulse is removed
(as will be explained) from the clock signals CLK L1
and CLK L2 to provide a relatively wide or elongated
pulse that serves to define a modulation or transmission
interval as shown in FIG. 3D. As will be explained, the
coincidence of the expanded pulses of the clock signal
CLK L1 and CLK L2 is made to define the transmission
interval. The modulation interval is that period during
which data may be modulated by the data output modu-
lator 24 and transmitted in the second direction from
the meter transponder 10 via the transformer 14 to the
interrogator unit 12. It is evident from FIGS. 34, 3B
and 3D, that during the transmission intervals, that each
terminal of the secondary winding 145 is at its relatively
low voltage or ground reference level, whereby the
transformer 14 is disposed in a relatively unsaturated
state, i.e., no current flows through either of the pri-
mary and secondary windings 14a and 145, and the core
of the transformer 14 is not saturated. In an illustrative
embodiment of this invention, the transformer 14 is
manufactured using a pot core material such as the
FERROXCUBE 3C8 linear ferrite that permits the
secondary winding 14b to be included within the meter
transmitter 10, while the primary winding 14a is con-
nected to the interrogator unit 12. Such a transformer
desaturates in a time period in the order of a small frac-
tion (illustratively less than 20%) of a full cycle of the
interrogation signal to a level that permits the transmis-
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sion of data in the second direction from the meter
transponder 10 to the interrogator unit 12. Thus, as
shown in FIG. 3E, desaturation occurs illustratively
during the first 209% of the transmission interval, leav-
ing the remainder of this interval for the transmission of
the return data signal.

During the data transmission interval, a modulation
enable signal ENDAT, as shown in FIG. 3D, is gener-
ated whereby digital data in the form of 0’s and 1’s may
be transmitted one bit at a time in the second direction.
In particular, an AND gate 56 of the data output modu-
lator 24, as shown in FIG. 2, is selectively enabled dur-
ing the modulation intervals to permit the application of
the relatively high frequency internal clock signal INT
CLK, as shown in FIG. 3G, to be generated in a series
of bursts whereby the presence of a high frequency
signal burst indicates a “1” and its absence a “0”. The
transmitted data modulates the first clock signal CLK
L1 as shown in FIG. 3E and is coupled to the primary
winding 14a to be demodulated by interrogator unit 12
to provide a sequence of 1’s or 0’s the as shown in FIG.
3F. In particular, the data signal, as shown in FIG. 3F,
is anded with each of the enable signals ENDAT, as
shown in FIG. 3D, and the internal clock signal INT
CLK to selectively supply the signal burst via an in-
verter 54 and a resistor R6 to the base of a drive transis-
tor 52. In turn, the collector of the transistor 52 applies
an output via resistor R6 and a protective diode D7 to
the transformer winding 14 of the transformer 14.

Referring again to FIG. 1, the meter transponder 10
may also be coupled to each of the pulse generator 16
associated with the utility meter or via the interface 18
to an automatic meter reader (AMR) interface 18. Con-
sidering now the processing of the pulse-like signals as
derived from the generator 16, it is realized that each
pulse-like signal is indicative of the flow of a given
quantity of the utility. As seen in FIG. 1, output pulse-
like signals of the pulse generator 16 are applied to the
meter transponder 10 and, in particular, to its power
reference input decoder 20 which recognizes the gener-
ator input and applies a signal INC over line 20a to a
sequential control logic 28 which causes the meter tran-
sponder 10 to increment the stored count within the
NVM 48 for each pulse-like signal received from the
generator 16. Thus, the NVM 48 is responsive to each
pulse-like signal to increment the stored utility con-
sumed count by one before restoring the incremented
count in a known addressable location of the NVM 48.
The power reference and input decoder 20 also recog-
nizes that an input has been made through the AMR
interface 18 to effect the operation of the meter tran-
sponder 10 in a corresponding mode. The AMR inter-
face 18 may be connected with an AMR as would be
disposed at a central location and coupled to a plurality
of meter transponders 10 over suitable conduits such as
power lines or TV cables. The AMR is capable of se-
quentially accessing each of its meter transponders 10 to
obtain a read out of the utility consumed count as stored
within their NVM 48. The meter transponder 10 and, in
particular, its power reference and input decoder 20, is
responsive to the inputs as derived from each of the
AMR interface 18, the generator 16 and the interroga-
tor unit 12 to generate and apply corresponding signals
AMRINT, ENDAT and INC upon lines 20c, 205 and
20a to the sequential control logic 28, which controls
the sequence of operation of the meter transponder 10,
dependent upon which of the port, generator or interro-
gator unit that may be supplying its signals to the meter
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transponder 10. Typically, the generator 16 is perma-
nently coupled to the meter transponder 10 and upon
input of its pulse-like signal, the power reference and
input decoder 20 applies an INC signal to the sequential
control logic 28 which causes the indication stored as
the utility consumed count within an addressable loca-
tion of the NVM 48 to be incremented by 1, before
being restored in the addressable location. In particular,
the sequential control logic 28 causes the address gener-
ator 44 to address that location of the NVM 48 wherein
the count is stored.

The NVM 48 includes two memories; the first mem-
ory is a non-volatile or shadow memory, and the second
is a volatile random access memory (RAM). An
RCL/READ/WRITE/STORE control logic 46 ap-
plies a signal to the ARRAY RECALL input of the
NVM 48 to transfer data from its non-volatile memory
to its RAM. Then, the control logic 46 applies a set of
clocking signals to the input CS of the NVM 48 to
thereby transfer data from the addressed location of its
RAM via the data gate 36 and into the shift register 38.
Next, the sequential control logic 28 issues an increment
or ADD command to the adder 40, whereby the count
stored within the shift registér 38 is shifted in parallel to
the adder 40, wherein the count is incremented by one
and restored within the shift register 38. Thereafter, the
incremented count is shifted from the shift register 38 to
be restored within the NVM 48. A single pulse-like
signal outputted by the generator 16 serves to energize
the elements of the meter transponder 10 for a period of
time sufficient to permit the aforementioned steps of
reading, incrementing and restoring of the accumulated
pulse count. The control logic 46 transfers the contents
of the RAM, including the incremented count, to the
shadow or non-volatile memory, before the end of the
generator’s pulse-like signal and the de-energization of
the meter transponder 10.

The meter transponder 10 is coupled by the AMR
interface 18 to be interrogated by the AMR, whereby
the contents of the NVM 48 and, in particular, the util-
ity consumed count is read out and transmitted via the
AMR interface 18 and the interconnecting conduit to a
centrally disposed AMR. As will be explained in detail
later, the AMR transmits via the AMR interface 18, an
interrogation signal to the power reference and input
decoder 20, which responds to energize the elements of
the meter transponder 10, as well as apply an initiate
signal in the form of the AMR INT signal to the sequen-
tial control logic 28 to initiate the read out of the count
from the NVM 48 via the data gate to the shift register
38 and, thereafter, the transmission of the count via a
start/stop bit circuit 42, a data output driver 43 and the
AMR interface 18 to the centrally disposed AMR.

The meter transponder 10 and the interrogator unit
12 are operative in a first or data transmitting mode and
in a second or data receive mode. In the data transmit-
ting mode, the interrogator unit 12 is carried by the
meter reader to a building or location, where the utility
is to be read. The interrogator unit 12 is a relatively
light weight unit having a housing and being connected
by a suitable cable to the primary winding 144, which
may illustratively be disposed within a gun. The nozzle
of the gun containing the primary winding 14a is
adapted to be received within a receptacle housing the
secondary winding 14b, whereby the primary and sec-
ondary windings 14a and 14b may be brought into an
inductively coupled relationship. The meter reader may
be only interested in interrogating the meter transpon-
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der 10 and of obtaining a read out from the NVM 48 of
the count indicative of the consumed utility. After ob-
taining the read out of the consumed utility, the meter
reader decouples the gun containing the primary wind-
ing 14a and proceeds to the next location, at which he
makes a further meter reading. If, the meter reader
wishes to program or reprogram the identification num-
ber of the particular meter transponder 10 and its meter,
the meter reader leaves the primary winding 14a induc-
tively coupled with the secondary winding 145 and the
meter transponder 10 sequences automatically to the
second or received data mode.

The second mode of operation is a programming
mode, which is typically used at the initial installation of
the meter transponder 10 to program the meter tran-
sponder 10 with the meter or customer ID and the
meter reading at the time of installation. In the second
mode of operation, the meter reader controls the inter-
rogator unit 12 to modulate the complimentary clock
signals CLK L1 and CLK L2, as shown on the right
hand side of FIGS. 3A and 3B. As seen in FIG. 1, the
modulated complimentary clock signals are detected by
the input clock detect 22 and applied to the data sync
generator 30, which outputs a pulse modulated signal as
shown in FIG. 3H. The data sync generator 30-identi-
fies each third pulse, as will be explained, and outputs a
signal of a corresponding width as seen in FIG. 3H. The
pulse width modulated signal is in turn applied to the
pulse width demodulator 26 which compares the width
of the inputted signal to a given reference and, if
greater, generates a “1” signal and, if less, generates a
“0* signal, as shown in FIG. 31. The serial train of
pulses outputted by the pulse-width demodulator 26 is
applied via the data gate 36 and serially shifted into the
shift register 38. Illustratively, the serial output takes
the form of three sets of 16 bit pulse trains. In the second
or receive data mode of operation, the sequential con-
trol logic 28 actuates the RCL-READ/WRITE/-
STORE control logic 46 to enable the write enable
terminal WE of the NVM 48, whereby the three sets of
16 bit signals are serially shifted out of the shift register
38 and written into a location of the NVM 48 as ad-
dressed by the address generator 44. After the transmis-
sion of the data signal, typically in the form of the meter
reading and customer or meter ID, the meter reader
removes the gun containing the primary winding 144,
whereby the meter transponder 10 is de-energized. Be-
fore de-energization, the sequential control logic 28 and
the control logic 46 enables the store input of the NVM
48, whereby the new ID is transferred from the RAM to
the non-volatile or shadow memory of the NVM 48.

Referring again to FIGS. 2A, 2B, 2C and 2D, a more
detailed explanation of the operation of the meter tran-
sponder circuitry will be given paying particular atten-
tion to the structure and operation of the circuitry for
modulating and demodulating the signals transmitted
bi-directionally through the inductive coupler 14. As
explained above, the clock signals CLK L1 and CLK
L2 are applied, as shown in FIG. 2A, to the data sync
generator 30 which provides an output signal ENDAT
as shown in FIG. 3D that defines the period of transmis-
sion of data from the meter transponder 10 to the inter-
rogator unit 12. The period of transmission, as noted
above, is that period in which the inductive coupler 14
is established at a relatively desaturated condition to
permit bi-directional transmission without expenditure
of undue amounts of power. Thus, it is contemplated
that the meter transponder 10 that is energized by its
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power reference and input decoder 20, in response to
the application of clock signals and the subsequent
charging of capacitor C1, may transmit a bit of a digital
signal during the transmission interval with a relatively
low power level that is a fraction of the available energy
stored in capacitor C1. In this regard, it is understood
that the meter transponder 10 has no other power
source other than the voltage as stored upon capacitor
C1 of the power reference input decoder 20. The clock
signals CLK L1 and CLK L2 are applied to an AND
gate 62, as shown in FIG. 2A, to generate a coincidence
signal, which is applied via an OR gate 66 to reset a
counter 68. The counter 68 counts the relatively high
frequency internal clock INT CLK, as shown in FIG.
3G, and generated by the internal clock oscillator 32.
The internal clock oscillator 32 is comprised of a pair of
NOR gates 106 and 108 interconnected by appropriate
resistors and capacitors in a manner well known in the
art to generate the high frequency clock signals INT
CLK and INT CLK. The coincidence signal is applied
via the NOR gate 64 to the enable input of the counter
68, which functions to determine whether the pulse-
width of the coincidence signal is greater than a prede-
termined number of the high frequency clock signals
INT CLK, e.g., five counts. If the coincidence signal
corresponding to the occurrence of each third, elon-
gated pulse of the clock signals CLK L1 and CLK L2
is of sufficient duration, the counter 68 generates out-
puts upon its Q0 and Q2 outputs, whereby NAND gate
70 is enabled to clock the flip-flop 72. The first occur-
rence of a coincidence signal, as outputted from the
AND gate 62 and shown in FIG. 3C by notation C1,
indicates the start of the first or transmit data mode.

The flip-flop 72 of the data sync generator 30 is reset
upon the occurrence of a number of conditions includ-
ing the generation of a RESET signal from the power-
on reset circuit 34. As shown in FIG. 2A, upon the
establishment of the voltages VDD and VSS across
capacitor C2, capacitors C3 and C4 of the circuit 34
respectively, charge through resistors R10 and R11 to
enable AND gate 114, whereby a flip-flop 118 is set
upon the occurrence of the next high frequency clock
signal. A reset signal RST-SYNC is generated, as seen
in FIG. 3J. The RST-SYNC signal is applied, as shown
in FIG. 2B, via a NOR gate 200 to a decade counter
190, whereby upon the occurrence of the next high
frequency clock signal, the decade counter 190 outputs
upon its QO output a RESET 2 signal, whereby a
RESET signal is generated from the AND gate 192. As
seen in FIG. 2A, the RESET signal is applied via NOR
gate 80 to reset the flip-flop 72. The reset flip-flop 72
responds to a clock input to enable a divide-by-three
counter 74, which is clocked by the clock signal CLK
1.2. Upon the occurrence of the third clock signal of the
CLK L2 signal, an AND gate 76 will clock the flip-flop
78 to force its Q output to generate the ENDAT signal.
Upon the falling of the clock signal CLK 1.2, the
ENDAT signal will also fall.

The ENDAT signal, as generated by the data sync
generator 30, is applied to the sequential control logic
28, as shown in FIG. 2B, to operate the meter transpon-
der 10 in its first or transmit data mode, whereby the
data is read out of the NVM 48 and shifted, first to the
shift register 38 and, therefrom, to the data output mod-
ulator 24 to be modulated and to be applied bit by bit to
the secondary winding 145 during the transmit interval
as explained above. As showh in FIG. 2B, the ENDAT
signal is applied via an inverter 184 and an AND gate



4,758,836

15

186 to an input CB of an AND/OR invert gate 188. As
shown in FIG. 2C, the RESET signal also resets a
counter 216, whereby the high frequency internal clock
signal INT CLK is applied to the clock input of the
counter 216 to provide an output clock signal ADR-CR
as seen in FIG. 3M. The clock signal ADR-CR is ap-
plied as shown in FIG. 2D via NAND gate 142 and
AND gate 144 to clock a counter comprised of counters
150 and 152. Upon the occurrence of the 16th pulse of
the ADR-CR clock, the Q0 output of the counter 152
provides a signal CT16 that enables the AND gate 186,
as shown in FIG. 2B, to apply the input to the CB input
of the AND/OR invert gate 188. As a result, the gate’s
output goes high, whereby upon the occurrence of the
next high frequency clock signal INT CLK, the decade
counter 1990 is clocked to its next output state.

The reset signal RST-SYNC is applied via the NOR
gate 200 in the absence of the increment signal INC as
would occur when the generator 16 outputs a pulse.
Thus, the reset signal RST-SYNC resets the decade
counter 190 to provide an output from its Q0 terminal,
which is applied to the AND gate 192 to provide the
RESET signal, whereby the various logic elements of
the meter transponder 10, including the counters 150
and 152, are reset. Upon the occurrence of the next 16
ADR-CR clock pulses, the decade counter 190 is again
clocked to provide an output on its Q1 terminal,
whereby OR gate 194 applies a RECALL signal to
AND gate 230, as seen in FIG. 2C. As a result, a signal
is applied to the array recall input of the NVM 48,
whereby data, illustratively 48 bits of data, are trans-
ferred from the non-volatile or shadow memory to the
RAM of the NVM 48.

Upon being clocked again, the decade counter 190
applies from its Q2 output a READ 1 signal to a NOR
gate 196, which outputs a READ B signal to NOR gate
178, whereby the READ signal is applied to an input of
an AND/OR invert gate 250, as shown in FIG. 2C. The
clock signal CS-WRT, as shown in FIG. 3N, is applied
to another input of the gate 250, whereby 16 clock
signals are output from the gate 250 and applied to the
Chip Select input of the NVM 48 to effect the reading
out of 16 bits of data from the RAM of the NVM 48;
this data is transmitted via AND gate 132 and OR gate
120 to the shift register 38, as shown in FIG. 2D.

As shown in FIG. 2C, a counter 248 is used to gener-
ate a pair of clock signals CS-WRT and CS-RD. This
counter 248 is clocked by the high frequency internal
clock signal INT CLK and is reset by the RESET sig-
nal as generated by the AND gate 192, as shown in
FIG. 2B. The clock signals CS-WRT and CS-RD, as
shown in FIGS. 3N and 30, are applied to the AND-
/OR invert gate 250, as shown in FIG. 2C, whose out-
put is inverted by inverter 252 to provide a clock signal
CS, as shown in FIG. 3P. The clock signal CS is applied
to the chip select input CS of the NVM 48 and serves to
clock the various reading, writing and storing functions
of the NVM 48 dependent upon which of the READ,
WRT, RECALL or STR signals is applied to the gate
250.

As shown in FIG. 3P, a sequence of CS signals is
generated including a single CS recall signal, 16 CS
read signals, 16 CS write signals and 2 CS store signals.
As explained above, the CS signal enables the NVM 48
to receive the array recall signal, whereby data is trans-
ferred from its shadow or non-volatile memory to its
RAM. Thereafter, the READ signal is applied to the
gate 250, whereby 16 CS signals are applied to clock the
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NVM 48 to read out 16 bits of the data to be shifted into
the serial shift register 38. After the reading out of 16
bits, a further CT 16 signal is applied to the AND gate
186, whereby the decade counter 190 is incremented to
provide an output from its Q3 terminal, whereby a
SHIFT signal is developed at the output of the OR gate
198 and applied to the NAND gate 140 associated with
the shift register 38, as shown in FIG. 2D. As a result,
the signal ENDAT as seen in FIG. 3D is applied via
AND gate 144 to effect a shift of the data stored within
the shift register 38 via the start/stop bit circuit 42 to the
data output modulator 24 and, in particular, to the
AND gate 56, as seen in FIG. 2A, whereby the output
data is modulated as explained above and transmitted
via the inductive coupler 14 to the interrogator unit 12.

Referring again to FIG. 2B, upon the completion of
the 16 pulses of the CS signal, the decade counter 190 is
shifted to output from its Q4 terminal a READ 2 signal,
whereby OR gate 196 outputs a READ B signal and
OR gate 178 ouiputs the READ signal to the gate 250,
as shown in FIG. 2D. Then, a second set of 16 READ
CS signals is applied to the NVM 48 to read out 16
further bits to be stored within the shift register 38. The
decade counter 190 is, next, incremented by one to
generate a SHIFT 2 signal, whereby the second group
of 16 bits is shifted from the shift register 38 via the
start/stop bit circuit 42, the data output modulator 24
and the inductive coupler 14 to the interrogator unit 12.
As shown in FIG. 2D, the ENDAT signal is applied
through the enabled AND gate 144, to shift out a bit at
a time of data from the shift register 38 during the trans-
mission interval as defined by the pulse width of the
ENDAT signal. Thereafter, the decade counter 190 is
incremented again to shift out a third group of 16 bits
from the NVM 48 to the shift register 38, and following
a further increment of the decade counter 190, a further
SHIFT signal is generated by the OR gate 198 to effect
transmission under the control of the ENDAT signal of
the 16 bits of data, and start and stop bits as stored in the
shift register 38. Upon the next incrementing of the
decade counter 190, a EN3RST signal is applied to
ensure that various circuits, as associated with the sec-
ond or receive data mode, are appropriately initialized.
Upon further incrementing of the decade counter 190, a
PRGM EN signal is generated and applied via the
AND gate 208 to initiate the second or data receive
mode, as will now be explained.

The meter transponder 10, through the operation of
its sequential control logic 28 and, in particular, its
decade counter 206 functions in its second or receive
data mode to transmit digital data from the interrogator
unit 12 via the inductive coupler 14 to the meter tran-
sponder 10 to be demodulated. The sequential control
logic 28 resets the circuit elements of the meter tran-
sponder 10 and, in particular, the circuit elements of the
data sync generator 30 and pulse width modulator 26 to
permit reception and demodulation of the transmitted
data as appears on the clock signals CLK L1 and CLK
L2, as shown respectively on the right hand side of
FIGS. 3A and 3B. In the first state of the decade
counter 206, the NOR gate 210 generates a DATA IN
signal to be applied to the NAND gate 134, as shown in
FIG. 2D, whereby the demodulated data, as derived
from the.pulse width demodulator 26 and, as shown in
FIG. 31, is clocked into the shift register 38. As shown
in FIG. 2A, the pulse width demodulator 26 is operative
in the second, receive data mode so that each third pulse
of the clock signals CLK L1 and CLK L2 is pulse width
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modulated, i.e., a narrow third pulse is indicative of a
“0”, whereas a relatively wide third pulse is indicative
of a “1”. The second clock signal CLK 1.2 is applied to
the divide-by-three circuit 74, whereby an output is
derived from the AND gate 76 upon the occurrence of
every third pulse. The output of the AND circuit 76 is
applied to the clock input of the flip-flop 78, which
provides a data-in-quantization interval of varying pulse
width as shown in FIG. 3H. The data-in-quantization
interval signal is, in turn, applied to the pulse width
demodulator circuit 26 and, in particular, to the enable
input E of a counter 92, whereby the counter 92 is
enabled to count the pulses of the high frequency inter-
nal clock INT CLK to provide a corresponding output
that is compared with a fixed count, e.g., 5, and if
greater, a pulse is generated at its B<A output, as
shown in FIG. 3L In this fashion, a series of 0’s and 1’s
may be generated upon the output of the pulse width
demodulator circuit 26 and applied as a data out signal
via the enabled NAND gate 134 to the shift register 38.
As indicated above, this data, in an illustrative embodi-
ment of this invention, may be indicative of the ID
number as associated with the particular meter to be
interrogated.

After the occurrence of a CT16 signal, which indi-
cates 16 bits have been shifted into the shift register 38,
the decade counter 206 is incremented to effect genera-
tion from the NOR gate 212 of a WRITE DI signal,
which in turn generates from NOR gate 180 a WRT
signal to be applied to the gate 250. As shown in FIG.
3P, the gate 250 applies 16 CS-WRT signals to the
NVM 48, whereby the 16 bits of data are shifted out of
and transferred from the shift register 38 via the input
DI to the RAM of the NVM 48. Upon successive incre-
menting of the decade counter 206, a DATA 12 signal
and then a WR-DI2 signal will be generated to effect
the transfer of a second group of 16 bits of data into the
shift register 38 and therefrom into the NVM 48. Simi-
larly, upon the next two incrementings of the decade
counter 206, DATA I3 and WR-DI3 signals will be
generated to transfer data into the shift register 38 and,
therefrom, into the NVM 48. Upon the subsequent in-
crement of the decade counter 206, a store signal STR
DI will be generated, whereby a signal will be applied
to the STORE input of the NVM 48 to transfer the data
within the RAM to the shadow or non-volatile memory
of the NVM 48. Upon the occurrence of the subsequent
increment, a delay period will be implemented before a
second store signal STR D2 is generated to apply a
second signal to the store input STORE of the NVM 48,
whereby the data is again transferred from the RAM to
the shadow or non-volatile memory of the NVM 48. In
this maunner, the decade counter 206 controls the se-
quence of operations of data demodulation by the pulse
width demodulator 26, the shifting of data via the data
gate 36 into the shift register 38 and thereafter the se-
quential shifting of data from the shift register 38 into
the NVM 48. It is understood that three distinct sets of
operations occur wherein 16 bits of data are handled at
a time.

The frequency and wave form of the complimentary
clock signals CLK 1 and CLK L2, as shown in FIGS.
3A and 3B, are determined based upon considerations
not only of the inductive coupler 14, but also of the
processing of the data by the meter transponder 10.
First, the frequency of the complimentary clock signals
CLK L1 and CLK L2 is set illustratively to be in the
order of 20 KHz. If the frequency of the clock signals
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CLK L1 and CLK L2 were reduced to much below 10
KHz, the efficiency of the inductive coupler 14, as illus-
tratively identified above, would decrease, whereas if
the frequency were increased much above 100 KHz,
there would be difficuity in addressing and reading out
data from the NVM 48. Further, the frequency of the
high frequency internal clock INT CLK, as generated
by _the internal clock oscillator 32 and shown in FIG.
3G, is set to be in the order of 200 KHz. The frequency
of the clock INT CLK is ten times that of the clock
signals CLK L1 and CLK L2 in order that the pulse
width demodulator 26 may operate with sufficient reso-
lution to demodulate the interrogation signal. As ex-
plained above, the counter 92 of the pulse width demod-
ulator 26 counts the number of pulses of the clock INT
CLK to distinguish between a widened pulse and a
narrowed pulse of the complimentary clock signals
CLK L1 and CLK L2. By determining the frequency of
the high frequency internal clock INT CLK to be ten
times that of the clock signals CLK L1 and CLK 12, a
high degree of resolution is achieved.

In addition, the selecting of each fourth pulse of the
complimentary clock signals CLK L1 and CLK L2 to
be a transmission interval pulse, permits a read out of
data within a relatively short interval of time. In an
illustrative embodiment of this invention, the utility
consumed count and the identification manifestation of
the meter are encoded by 48 bits of data. Assuming that
each of the 48 bits will be read out one at a time during
a corresponding transmission interval, some 192 clock
pulses of the complimentary clock signals CLK L1 and
CLK L2 are required to transmit the count and meter
identification data within a relatively short period;
when the frequency of the complimentary clock signals
CLK L1 and CLK 1.2 is selected to be 20 KHz, the data
transmission time is in the order of 10 milliseconds.
Further, the selecting of each fourth pulse as the trans-
mission interval pulse ensures that the power reference
and input decoder 20 is sufficiently energized and, in
particular, its capacitor C2 is sufficiently charged to
energize the elements of the meter transponder 10.
Thus, the complimentary clock signals CLK L1 and
CLK L2 will serve to charge the capacitor C2 for 75%
of the time, while reserving 25% of the time to transmit
the meter data return signal.

As briefly described above, the application, by the
generator 16, of a pulse indicative of the consumption of
a given quantity of the measured utility is applied to the
power reference and input decoder 20 to energize the
meter transponder 10, whereby that pulse increments
the counts stored in the NVM 48. In particular, as
shown in FIG. 2A, a pulse-like signal is inductively
coupled to the meter transponder 10 and, in particular,
appears upon a secondary winding 165 to be applied
across a diode bridge 100 comprised of diodes D7, D8,
D9 and D10. The diode bridge 100 serves to rectify the
input pulse-like signal and applies a DC voltage via
diode D13 to appear as the energizing voltages VDD
and VSS, which energize the elements of the meter
transponder 10. In addition, a pulse is taken from the
interconnecting node of the diodes D9 and D10 and
applied across resistor R7 to develop a voltage to be and
inverted by inverter 102 to provide the increment signal
INC that initiates the count incrementing mode of oper-
ation. .

Referring now to FIG. 2B, the increment signal INC
is applied to the NOR gate 200, whereby the operation
of the decade counters 206 and 190 is defeated. By
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contrast, the increment signal INC is applied to a NOR
gate 201 to reset a decade counter 176, which is incre-
mented by the high frequency internal clock signal INT
CLK to shift the counter 176 through a sequence of
states corresponding to the output signals appearing
upon its terminals Q0 to Q8, whereby a corresponding
set of control signals are generated. Initially, a signal
RESET 1 is generated, whereby AND gate 192 gener-
ates the RESET signal which initializes the various
components of the meter transponder 10. Upon the
subsequent incrementation of the decade counter 176, a
RECALL signal is generated and applied to the
ARRAY RECALL terminal of the NVM 48, whereby
the count indicative of the utility consumed is trans-
ferred from the non-volatile memory to the RAM of the
NVM 48. Upon the subsequent incrementation of the
decade counter 176, a READ signal is generated and
applied to the address generator 44, whereby the corre-
sponding location of the RAM is addressed and the
count is read out. In this regard, the READ signal is
also applied to the gate 250, as shown in FIG. 2C,
whereby 16 pulses are applied. to the CS input of the
NVM 48 to transmit the 16 bits of the count data to the
shift register 38. Upon the subsequent incrementing of
the decade counter 176, an ADD command is generated
and applied via the AND gate 130, as shown in FIG.
2D, to cause the shift register 38 to transfer the utility
consumed count in parallel to the adder 40, which in-
crements the count by one before transferring the incre-
mented count in parallel back to the shift register 38.
Upon the subsequent incrementation of the decade
counter 176, a WRITE command is generated, whereby
the data is sequentially shifted from the shift register 38
into the RAM of the NVM 48. Upon the occurrence of
the next incrementation, the decade counter 176 gener-
ates a signal STORE 1, whereby a signal STR is applied
to the STORE input of the NVM 48 to transfer the
contents of the RAM to the non-volatile memory of the
NVM 48. After a suitable delay, a second signal
STORE 2 is generated and the data is redundantly
transferred from the RAM to the non-volatile memory
of the NVM 48. After a further delay, the circuitry of
the meter transponder 10 is de-energized.

Referring now to FIGS. 4 and 5A to 5F, there is
shown respectively the detailed circuit elements of the
interrogator unit 12, as well as the wave form of the
signals developed at various points within the circuitry
of the interrogator unit 12. The interrogator unit 12
generates and applies to the primary winding 144 of the
inductive coupler 14 the clock signals CLK L1 and
CLK L2, as seen respectively in FIGS. 3A and 3B.
Illustratively, the interrogator unit 12 may be portable
and be energized by a suitable power source such as a
battery, in contrast to the meter transponder 10 whose
energization depends upon the application of the inter-
rogation or power/clock signal from the interrogator
unit 12 or the application of a single pulse-like signal
from the pulse generator 16, as explained above. The
clocking function of the interrogator unit 12 is imple-
mented by a switchable regulator control circuit 264,
which outputs a pair of complimentary, regular square
wave clock signals 01 and 02 that are respectively ap-
plied to inverters 268 and 270 to provide clock signals
0T and 02, as shown in FIGS. 5A and 5C, respectlvely
The clock signal 01 is fed back to an input of a micro-
processor control circuit 254, which may illustratively
take the form of that model number AIM-65 as manu-
factured by the assignee of this invention. The micro-
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processor control circuit 254 responds to these clock
signals to generate 01 disable/enable and 02 disable/en-
able signals, as shown respectively in FIGS. 5B and 5D.
A comparison of FIGS. 5A and 5B, and 5C and 5D
indicates that the disable/enable signals occur upon the
trailing edge of each fourth pulse of its clock signal. The
timing clock signal 01 and its corresponding 01 disable-
/enable signal are applied to two inputs of 2 OR gate
272 to provide an output signal A DRIVE, as shown in
FIG. 5E. Similarly, the clock signal 02 and the disable-
/enable signal 02 are applied to a NOR gate 274 o
provide the signal B DRIVE, as shown in FIG. 5F. A
comparison of FIGS. 5E and 5F to FIGS. 3A and 3B
show the similarity of these signals; in particular, the
output signals of the NOR gates 272 and 274 have a
sequence of three negative going, relatively short pulses
followed by a fourth extended positive pulse which
defines, in the manner described above, the transmission
interval during which signals are transmitted in the
second direction from the meter transponder 10 to the
interrogator unit 12.

As shown in FIG. 4, the output of the NOR gate 272
is applied to a pair of inverters 276 and 278, which
respectively drive the bases of transistors 277 and 279 as
are connected in a push/pull circuit. In particular, the
collectors of the transistors 277 and 279 are tied to-
gether and are coupled to the coupling circuit com-
prised of resistor R16 and capacitor C5 connected to-
gether in parallel. In turn, the output of the coupling
circuit is applied to the gate of an FET 289, whose drain
is coupled to one coil 144’ of the primary winding 14a.
In similar fashion, the output of the NOR gate 274 is
applied by inverters 280 and 282 to drive the bases of
transistor 281 and 283. The collectors of the transistors
281 and 283 are tied together in a push/pull arrange-
ment and are coupled to a coupling circuit comprised of
resistor R17 and capacitor C16 connected together in
parallel. The output of this coupling circuit is connected
to the gate of an FET 286, whose drain is coupled to the
other coil 144" of the primary winding 14e. The center
tap or point of interconnection of the coils 144’ and 14a”
is connected to a suitable supply voltage + V.

The use of a center tapped inductive coupler or trans-
former 14 in combination with the FETs 289 and 286
ensures an efficient transfer of energy in the form of the
interrogating signals, which comprise the complimen-
tary clock signals CLK L1 and CLK L2 to be transmit-
ted from the interrogator unit 12 to the meter transpon-
der 10. The waveform of the clock signals CLK L1 and
CLK L2 is controlled by the regulator control circuit
264 to provide non-overlapping clock signals 07 and 02,
thereby reducing excessive current drain in the drive
FETs 284 and 286. As shown in FIG. 4, a positive volt-
age V +is alternately applied through first, one coil 144’
when its FET 284 is rendered conductive, and then
through the coil 14¢” when its FET 286 is rendered
conductive. As current is drawn through, first one coil
144’ and then through the other coil 14e”, flux of a
corresponding polarity is generated to induce a corre-
sponding current within the secondary coil 1454, As is
well known in the art, flux is generated and coupled
with the secondary winding 145 as the voltage applied
to the primary winding 14a changes. Thus, the center

.tapped transformer provides an arrangement, whereby

each complimentary clock signal CLK L1 and CLK L1
may alternately induce current within the secondary
winding 14b for providing an AC voltage output.
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By contrast, the interrogation signal could comprise
but a single clock signal which would induce current
through its primary winding each time the voltage is
applied across a single primary winding. However, it
can be seen that the single clock signal imposes a volt-
age change across its primary winding at one-half the
rate at which the complimentary clock signals CLK L1
and CLK L2 are applied to the primary coils 14a’ and
14a"”. As a result, the use of but a single clock signal
proves to be only 65% as efficient in terms of transfer-
ring energy across the inductive coupler 14 as would
the use of the complimentary clock signals, as explained
above. The complimentary clock signals CLK L1 and
CLK L2 are induced across the secondary winding 145
and applied to the diode bridge 50 which separates the
signal waveforms and provides the corresponding sig-
nals CLK L1 and CLK L2 as appear on the outputs of

- the inverters 58 and 60, as seen in FIG. 2A. In particu-
lar, that positive portion of the complex waveform
signal with respect to the voltage VSS is rectified by the
diode D1 to provide the clock signal CLK L1 at the
output of the node interconnecting diodes D4 and D1.
Similarly, the positive portion of the complex signal
appearing at the node interconnecting diodes D3 and
D2 with respect to the voltage VSS is rectified by the
diode D2 and is applied to the input of the inverter 60 as
the clock signal CLK L2.

As shown in FIGS. 5A, 5B and 5E, the disable/ena-
ble signal 01 serves to suppress each fourth pulse of the
clock signal 01 to provided widened pulses defining the
transmission interval. Two complimentary clock signals
as produced by the interrogator unit 12 of FIG. 4 are
applied to the primary winding 14 as shown in FIG. 4,
which permits two complimentary clock signals CLK
11 and CLK L2 to be transmitted and detected by the
secondary coil 14 in a manner that imposes substan-
tially less drain upon the battery energizing the interro-
gator unit 12, as explained above.

A return signal is transmitted from the meter tran-
sponder 10 in a manner as described above to provide a
data clock signal having a sequence of 0’s and 1’s en-
coded thereon by the presence or absence of a high
frequency burst. The presence in the transmission inter-
val of the high frequency burst is indicative of a “1” and
its absence a “0” as shown in FIG. 5G. The signal as
shown in FIG. 5G appears upon the primary winding
14a¢ and is applied to an amplifier circuit 262, whose
output is applied to clock a counter 258. The counter
258 is enabled for a period of time corresponding to the
transmission interval during which a high frequency
signal may or may not appear. Thus, in the presence of
a high frequency signal indicative of a binary bit 1, the
counter 258 counts the number of the high frequency
signals and provides that count to a digital comparator
256, which compares that count to a predetermined
number and, if greater, indicative of the presence of the
high frequency signal and an encoded “1”, outputs from
its A>B output a train of signals indicative of either a
“0” or a “1”. Though not illustrated, this sequence of
“0’s” and “1’s” is applied to the microprocessor control
circuit 254 to be stored along with the identification
manifestation of the meter associated with the meter
transponder unit 12 to provide data, whereby a bill may
be calculated and forwarded to a particular customer.
In the second or data receive mode, where data is sent
from the interrogator unit 12 to the transponder 10, the
microprocessor 254 presents data on the 01 and 02 ena-
ble/disable lines to be modulated. The presence of an
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enable/disable pulse indicates a “1”, whereas the ab-
sence thereof indicates a “0”.

Thus, there has been shown a method of transmitting
signals through an inductive coupling system in a man-
ner that permits bi-directional transmission of the data.
In an illustrative embodiment, an interrogator unit
transmits an interrogation signal in the form of a po-
wer/clock signal in a first direction through the induc-
tive coupling system, the interrogation signal defining
intervals during which data may be transmitted from
the meter transponder in a second direction to the inter-
rogator unit. In a further aspect of this invention, the
interrogation signal serves to energize the circuit ele-
ments of the meter transponder. The data transmitted in
the second direction may be digital in form and may be
generated by selectively applying a relatively high fre-
quency signal (with respect to the clock signal) in the
defined interval. In a further aspect of this invention,
data and, in particular, digital data may be transmitted
in the first direction by modulating the pulse width of
selected clock pulses of the interrogation signal. During
the defined transmission interval, the inductive cou-
pling system is desaturated, which permits the transmis-
sion of data in the second direction without undue ex-
penditures of electrical energy to achieve the desired
transmission. This reduction in power requirements is
particularly significant where the transponder is not
coupled to a ready source of energy, but rather is ener-
gized by the application of the interrogation signal. This
feature is also significant where the interrogator unit is
portable and is energized by a battery.

In considering this invention, it should be remem-
bered that the present disclosure is illustrative only and
the scope of the invention should be determined by the
appended claims.

I claim:

1. A bi-directional, digital signal transmission system
comprising:

(2) a sole transformer having a primary winding cou-
pled to an interrogation unit and a secondary wind-
ing coupled to a data gathering transponder unit,
said transformer transmitting an interrogation sig-
nal in a first direction from said interrogation unit
to said transponder unit and a data bearing re-
sponse signal in a second direction from said tran-
sponder unit to said interrogation unit;

(b) said interrogation unit comprising first means
coupled to said primary winding for generating
said interrogation signal, said interrogation signal
comprised of a first train of regularly occurring
digital clock pulses and transmission interval
pulses, each transmission interval pulse defining a
transmission interval for the transmission of said
response signal, and means for setting the pulse
width of selected of said clock pulses to form said
transmission interval pulses; and

(c) said transponder unit comprising energy conver-
sion means coupled to said secondary winding for
providing the sole energization of said transponder
unit in response to said transmitted clock signals of
said interrogation signal appearing at said second-
ary winding, and second means responsive to said
selected transmission interval pulses appearing at
said secondary winding for generating and apply-
ing during said transmission intervals digital signals
indicative of the gathered data to said secondary
winding to be transmitted via said transformer to
said interrogation unit.
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2. A bi-directional, digital signal transmission system ary winding, and second means responsive to said
comprising: transmission intervals pulses appearing at said sec-
(a) a sole transformer having a primary winding cou- ondary winding for generating and applying dur-

pled to an interrogation unit and a second winding
coupled to a data gathering transponder unit, said
transformer transmitting an interrogation signal in
a first direction from said interrogation unit to said
transponder unit and a data bearing response signal

ing said transmission intervals digital signals indica-
tive of the gathered data to said secondary winding
to be transmitted via said transformer to said inter-
rogation unit.

4. A bi-directional signal transmission system com-
prising:
(2) a single inductive coupling means for transmitting

in a second direction from said transponder unit to
said interrogation unit; 1
(b) said interrogation unit comprising first means

[=]

coupled to said primary winding for generating
said interrogation signal, said interrogation signal
comprised of a first train of regularly occurring
digital clock pulses and transmission intervals
pulses, each transmission interval pulse defining a
transmission interval for the transmission of said
response signal;

(c) said transponder unit comprising energy conver-
sion means coupled to said secondary winding for
providing the sole energization of said transponder
unit in response to said transmitted clock signals of
said interrogation signal appearing at said second-
ary winding, and second means responsive to said
transmission interval pulses appearing at said sec-
ondary winding for generating and applying dur-
ing said transmission intervals digital signals indica-
tive of the gathered data to said secondary winding
to be transmitted via said transformer to said inter-
rogation unit, said second means comprising detec-
tion means responsive to said interrogation signal
appearing at said secondary winding for providing

20
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a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
a second signal in a second direction from said
second unit via said inductive coupling means to
said first unit;

(b) said first unit comprising first means for generat-

ing and applying said first signal to said inductive
coupling means, said first signal comprising a series
of pulses, selected of said pulses defining a trans-
mission interval for the transmission of said second
signal in said second direction, said first generating
means generates said first signal as a train of regular
clock pulses, said first generating means modulat-
ing said selected pulses to define said transmission
interval; and

(c) said second unit comprising second means respon-

sive to the occurrence of said selected pulses at said
inductive coupling means for generating and ap-
plying said second signal to said inductive coupling
means to be transmitted thereby during said de-
fined transmission interval. N

5. A bi-directional signal transmission system com-

prising:

(a) a single inductive coupling means for transmitting
a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
a second signal in a second direction from said
second unit via said inductive coupling means to
said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a series
of pulses, selected of said pulses defining a trans-
mission interval for the transmission of said second

enable signals the response to the presence of said
transmission interval pulses, a serial shift register
for receiving and storing said digital signals indica- 35
tive of the gathered data and responsive to each of
said enable signals for shifting out a bit of said
digital signals, and modulating means for modulat-
ing each bit of said gathering data signals and for
applying said modulated data to said secondary 40
winding to be transmitted via said transformer to
said interrogator unit.

3. A bi-directional, digital signal transmission system

comprising:
(2) a sole transformer having a primary winding cou- 45

pled to an interrogation unit and a secondary wind-
ing coupled to a data gathering transponder unit,
said transformer transmitting an interrogation sig-
nal in a first direction from said interrogation unit
to said transponder unit and a data bearing re-
sponse signal in a second direction from said tran-
sponder unit to said interrogation unit;

(b) said interrogation unit is portable and comprises
first means coupled to said primary winding for
generating said interrogation signal, said interroga-
tion signal comprised of a first train of regularly
occurring digital dlock pulses and transmission
interval pulses, each transmission interval pulse
defining a transmission interval for the transmission
of said response signal, and alignment means for

55

60

signal in said second direction, said first generating
means generates said first signal as a sequence of
regular clock pulses and said first unit further com-
prises means for modulating selected of said regu-
lar clock pulses with data to be transmitted to said
second unit; and

(c) said second unit comprising second means respon-

sive to the occurrence of said selected pulses at said
inductive coupling means for generating and ap-
plying said second signal to said inductive coupling
means to be transmitted thereby during said de-
fined transmission interval, and means for detecting
said selected modulated pulses and for demodulat-
ing said detected modulated pulses to derive an
output indicative of the transmitted data.

aligning said primary winding with respect to said
secondary winding to ensure an inductive coupling
therebetween; and

(c) said transponder unit comprising energy conver-
sion means coupled to said secondary winding for 65

6. A bi-directional signal transmission system com-
prising:

(a) single inductive coupling means for transmitting a

first signal in a direction direction from a first unit

to a second unit via said inductive coupling means

providing the sole energization of said transponder
unit in response to said transmitted clock signals of
said interrogation signal appearing at said second-

and second signal in a second direction from said
second unit via said inductive coupling means to
said first unit;
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(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a series
of pulses, selected of said pulses defining a trans-
mission interval for the transmission of said second
signal in said second signal in said second direction,
said first generating means generates a pair of first
signal, each of said first signals being complimen-
tary to the other of said first signals, said first gen-
erating means generates each of said complimen-
tary first signals as a train of regular clock pulses
and transmission interval pulses, each transmission
interval pulse defining the length of said transmis-
sion interval; and

(c) said second unit comprising second means respon-
sive to the occurrence of said selected pulses at said
inductive coupling means for generating and ap-
plying said second signal to said inductive coupling
means to be transmitted thereby during said de-
fined transmission interval.

7. A bi-directional signal transmission system com-

prising:

(a) a single indictive coupling means for transmitting
a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
a second signal in a second direction from said
second unit via said inductive coupling means to
said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a tim-
ing component and a power component; and

(c) said second unit comprising second means respon-
sive to said timing component for generating said
second signal to be applied to said inductive cou-
pling means at a time to reduce the interference
between said first and second signals as they are
transmitted through said inductive coupling means,
and energy conversion means coupled to said in-
ductive coupling means for providing the sole en-
ergization of said second unit in response to said
transmitted power component.

8. A bi-directional signal transmission system com-

prising:

(a) a single inductive coupling means for transmitting
a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
a second signal in a second direction from said
second unit via said inductive coupling means to
said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a tim-
ing component and an information component; and

(c) said second unit comprising second means respon-
sive to said timing component for generating said
second signal to be applied to said inductive cou-
pling means at a time to reduce the interference
between said first and second signals as they are
transmitted through said inductive coupling means,
and means for receiving and utilizing said transmit-
ted information component.

9. The bi-directional signal transmission system as
claimed in claim 8, wherein said utilizing means com-
prises memory means for storing said transmitted infor-
mation component.

10. The bi-directional signal transmission system as
claimed in claim 9, wherein said first generating means
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generates said information component as a description
of said second unit, said memory means receiving the
newly transmitted description and storing it in place of
a previously transmitted and stored description.

11. A bi-directional signal transmission system com-

prising:

(a) a single inductive coupling means for transmitting
a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
a second signal in a second direction from said
second unit via said inductive coupling means to
said first unit, said single inductive coupling means
comprises a first coil coupled to said first unit and
a second coil coupled to said second unit, said first
and second coils disposable in a first, separated
relationship and in a second inductively coupled
relationship to each other wherein said first and
second signals may be transmittted between said
first and second units;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a tim-
ing component;

(c) said second unit comprising second means respon-
sive to said timing component for generdting said
second signal to be applied to said inductive cou-
pling means at a time to reduce the interference
between said first and second signals as they are
transmitted through said inductive coupling means;
and

(d) means for aligning said first and second coils,
when they are disposed in their second relation-
shiop ensure an efficient inductive coupling there-
between.

12. A bi-directional signal transmission system com-

prising:

(a) a single indictive coupling means consisting of
first and second coils, said first coil coupled to a
first unit for transmitting a first signal in a first
direction from said first unit to a seocnd unit via
said inductive coupling means, said second coil
coupled to a second unit for transmitting a second
signal in a second direction from said second unit
via said inductive coupling means to said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said inductive
coupling means, said first signal comprising a tim-
ing component; and

(c) said second unit comprising second means respon-
sive to said timing component for generating said
second signal to be applied to said second coil of
said inductive coupling means at a time, where by
the second signal is inductively transmitted to said
first coil without interference with said first signal.

13. A bi-directional signal transmission system com-

prising:

() a single inductive coupling means for transmitting
a first signal in a first direction from a first unit to
a second unit via said inductive coupling means and
seocnd, binary signal in a second direction from
said second unit via said inductive coupling means
to said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said indictive
coupling means, said first signal comprising a tim-
ing component; and

(c) said second unit comprising second means for
generating said second, binary signal in the form of
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a periodic signal whose presence indicates a one
value and whose absence indicates a zero value,
said second means responsive to said timing com-
ponent for generating said second, binary signal to
be applied to said inductive coupling means at a
time to reduce the interference between said first
and second signals as they are transmitted through
said inductive coupling means.

14. A bi-directional signal transmission system com-

prising:

(a) a single inducative coupling means having a first
terminal for receiving and transmitting a first signal
in a first direction from a first unit to a second unit
via said inductive coupling means and a second
terminal for receiving and transmitting a second
signal in a second direction from said second unit
via said inductive coupling means to said first unit;

(b) said first unit comprising first means coupled to
said first terminal for generating and applying said
first signal to said inductive coupling means said
first signal comprising a series of pulses, selected of
said pulses defining a transmission interval for the
transmission of said second signal in said second
direction when there is no current imposed by said
first unit on said first terminal; and

(c) said second unit comprising second means cou-
pled to said second terminal and responsive to the
occurrence of said selected transmission interval
defining pulse at said inductive coupling means for
generating and applying said second signal to said
second terminal to be transmitted thereby during
said defined transmission interval.

15. A bi-directional, digital signal transmission system

comprising:

(2) a sole iransformer having a primary winding cou-
pled to an interrogation unit and a secondary wind-
ing coupled to a data gathering transponder unit,
said transformer transmitting an interrogation sig-
nal in a first direction from said interrogation unit
to said transponder unit and a data bearing re-
sponse signal in a second direction from said tran-
sponder unit to said interrogation unit;

(b) said interrogation unit comprising first means
coupled to said primary winding for generating
said interrogation signal, said interrogation signal
comprised of a first train of regularly occurring
digital clock pulses and transmission interval
pulses, each transmission interval pulse defining a
transmission interval for the transmission of said
response signal when no current flows through said
primary winding from said interrogation unit; and

(c) said transponder unit comprising energy conver-
sion means coupled to said secondary winding for
providing the sole energization of said transponder
unit in response to said transmitted clock signals of
said interrogation signal appearing at said second-
ary winding, and second means responsive to said
transmission interval pulses appearing at said sec-
ondary winding for generating and applying dur-
ing said transmission intervals digital signals indica-
tive of the gathered data to said secondary winding
to be transmitted via said trasnformer to said inter-
rogation unit.

16. A bi-directional signal transmission system com-

prising:

(a) a single inducative coupling means having a first
winding coupled to a first unit and a second wind-
ing coupled to a second unit, said inductive cou-
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pling means transmitting a first signal in a first
direction from said first unit to said second unit via
said inductive coupling means and a second signal
in a second direction from said second unit via said
inductive coupling means to said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said first wind-
ing, said first signal comprising a timing component
indicative of when no current flows through said
first winding from said first unit; and

(c) said second unit comprising second means respon-
sive to said timing component for generating said
second signal to be applied to said second winding
of said inductive coupling means.

17. The bi-directional signal transmission system as
claimed in claim 16, wherein said first means generates
said first signal as a series of pulses, selected of said
pulses defining a transmission interval when no current
flows through said first winding from said first unit.

18. The bi-directional signal transmission system as
claimed in claim 17, wherein said second unit is respon-
sive to the occurrence of said selected pulse for generat-
ing and applying said second signal to said inductive
coupling means to be transmitted thereby during said
transmission interval. ’

19. A bi-directional signal transmission system com-
prising;:

(a) a single inductive coupling means consisting of
first and second terminals, said first terminal cou-
pled to a first unit for transmitting a first signal in a
first direction from said first unit to said second unit
via said inductive coupling means, said second
terminal coupled to a second unit for transmitting a
second signal in a second direction from said
seocnd unit via said inductive coupling means to
said first unit;

(b) said first unit comprising first means for generat-
ing and applying said first signal to said first termi-
nal, said first signal comprising a timing component
indicative of when there is no current imposed by
said first unit on said first terminal and an informa-
tion component; and

(c) said second unit comprising second means respon-
sive to said timing component for generating said
second signal to be applied to said second terminal,
and means for receiving and utilizing said transmit-
ted information component.

20. The bi-directional signal transmission system as
claimed in claim 14, wherein each transmission interval
pulse has width defining the interval for the transmis-
sion of said second signal in said second direction.

21. The bi-direction signal transmission system as
claimed in claim 4, wherein said first generating means
comprises means for selecting clock pulses of said first
signal and for controlling the pulse width of said se-
lected clock pulses to define the interval for the trans-
mission of said second signal, said pulse width of said
transmission interval defining pulses being greater than
the pulse width of the remaining of said clock pulses of
said first signal.

22. The bi-directional signal transmission system as
claimed in claim 4, wherein said second generating
means comprises clock detect means responsive to the
presence at said inductive coupling means of said regu-
lar clock pulses of said first signal to generate a clock
signal.

23. The bi-directional signal transmission system as
claimed in claim 22, wherein said second generating
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means comprises means responsive to said clock signal
for processing said second signal in synchronism with
said clock signal.

24. The bi-directional signal transmission system as
claimed in claim 22, wherein said second generating
means comprises data transmission means for receiving
said first signal appearing at said inductive coupling
means and for selectively responding to said transmis-
sion interval pulses for transmitting said second signal
during said defined transmission intervals.

25. The bi-directional signal transmission system as
claimed in claim 22, wherein said second unit comprises
means for modulating said second signal with data.

26. The bi-directional signal transmission system as
claimed in 25, wherein said data modulating means
comprises means for generating a high frequency signal
of a frequency greater than that of said clock signal and
means responsive to the data for selectively providing
said high frequency signal.

27. The bi-directional signal transmission system as
claimed in claim 26, wherein said second unit is respon-
sive to said transmission interval pulses for applying
said high frequency signals during said defined trans-
mission intervals.

28. The bi-directional signal transmission system as
claimed in claim 14, wherein said first unit includes
means for modulating said first signal with data to be
transmitted to said second unit, and said second unit
comprises means for demodulating said first signal to
recover said data.

29. The bi-directional signal transmission system as
claimed in claim 5, wherein said modulating means
pulse width modulates said selected clock pulses.

30. The bi-directional signal transmission system as
claimed in claim 29, wherein said bi-directional data
transmission system is operative in a first, data transmit
mode and in a second, data receive mode, said first
generating means operative in said first mode for select-
ing ones of said clock pulses to define said data transmis-
sion interval and said modulating means operative in
said second mode for selecting and modulating selected
ones of said clock pulses with data to be transmitted to
said second unit.

31. The bi-directional signal transmission system as
claimed in claim 30, wherein said second generating
means is responsive in said first mode to said transmis-
sion interval defining pulses for transmitting said second
signal from said second unit to said first unit.

32. The bi-directional signal transmission system as
claimed in claim 31, wherein said detecting and demod-
ulating means is operative in said second mode for de-
tecting and demodulating said selected modulated
pulses of said first signal to provide an output indicative
of the data.

33. The bi-directional signal transmission system as
claimed in claim 4, wherein said second unit comprises
power conversion means for receiving said regular
clock pulses and for utilizing at least one of said clock
pulses to solely energize said second unit.

34. The bi-directional signal transmission system as
claimed in claim 33, wherein said second unit comprises
non-volatile memory means for storing data and means
responsive to said clock pulses of said first signal for
reading out and for transmitting said stored data via said
inductive coupling means during said defined transmis-
sion intervals.

35. The bi-directional signal transmission system as
claimed in claim 34, wherein there is included meter
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means responsive to utility consumption for generating
pulse-like, electrical signals, each indicative of the con-
sumption of a given quantity of the utility, said non-
volatile memory means for storing an indication of the
number of the pulse-like, electrical signals generated by
said meter means, said indication indicative of the total
measured utility consumed, said power conversion
means responsive to each of said pulse-like, electrical
signals to energize solely said second unit.

36. The bi-dricetional signal transmission system as
claimed in claim 35, wherein said bi-directional data
transmission system is operative in a first, data transmis-
sion mode and in a second, data receive mode, said first
generating means operative in said first mode for select-
ing ones of said clock pulses of said first signal to define
said data transmission intervals and including modulat-
ing means operative in said second mode for modulating
selected of said clock pulses of said first signal with data
to be transmitted to and stored within said non-volatile
memory.

37. The bi-directional signal transmission system as
claimed in claim 36, wherein said second generating
means is operative in said first mode to respond to the
clock pulses of said first signal appearing at said induc- ~
tive coupling means for reading out said indication
stored in said non-volatile memory means and for trans-
mitting data indicative of said indication during said
defined transmission intervals,

38. The bi-directional signal transmission system as
claimed in claim 37, wherein said second unit comprises
demodulating means operative in said second mode for
detecting and demodulating said selected modulated
signals and for storing the demodulated data in said
non-volatile memory means.

39. The bi-directional signal transmission system as
claimed in claim 14, wherein said first generating means
generates a pair of first signals, each of said first signals
being complimentary to the other of said first signals.

40. The bi-directional signal transmission system as
claimed in claim 6, wherein said inductive coupling
means comprises a transformer having a primary wind-
ing coupled to said first unit and a secondary winding
coupled to said second unit, said primary winding hav-
ing first and second coils connected together at a tap,
said first generating means applying its pair of compli-
mentary first clock signals respectively across said first
and second coils of said tapped primary winding.

" 41. The bi-directional signal transmission system as
claimed in claim 40, wherein said second unit comprises
detection means coupled to said secondary winding for
detecting and separating at least one of said complimen-
tary first signals as transmitted from said primary wind-
ing to said secondary winding.

42. The bi-directional, digital signal transmission sys-
tem as claimed in claim 1, wherein the pulse width of
said transmission interval pulses is selected to be greater
than the pulse width of said clock pulses to permit de-
saturation of said transformer to a level to permit effi-
cient transmission of said second signal via said trans-
former to said interrogation unit.

43. The bi-directional, digital signal transmission sys-
tem as claimed in claim 1, wherein said transponder unit
comprises detection means responsive to said interroga-
tion signal appearing at said secondary winding for
providing enable signals in response to the presence of
said transmission interval pulses.

44. The bi-directional, digital signal transmission sys-
tem as claimed in claim 2, wherein said modulation
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means comprises an actuable source of a high frequency
signal, the frequency of which is greater than that of
said clock pulses of said interrogation signal, and means
for selectively applying said high frequency signal to
said secondary winding dependent upon whether said
bit of said gathered data signal is a zero or a one.

45. The bi-directional, digital signal transmission sys-
tem as claimed in claim 1, wherein said first generating
means generates a sequence of a given number of clock
pulses followed by a single transmission interval pulse,
said number of clock pulses being selected to ensure the
sufficient energization of said transponder unit.

46. The bi-directional, digital signal transmission sys-
tem as claimed in claim 2, wherein there is included
meter means responsive to utility consumption for gen-
erating pulse-like, electrical signals, each indicative of
the consumption of a given quantity of the utility, said
detection means coupled for receiving said pulse-like,
electrical signal and responsive to said clock pulses of
said interrogation signal for transferring an accumu-
lated count of said pulse-like utility signals to said shift
register.

47. The bi-directional, digital signal transmission sys-
tem as claimed in claim 46, wherein there is included
non-volatile memory means for storing said count of
said received pulse-like, electrical signals, said detection
means for receiving and storing said pulse-like, electri-
cal signals in said non-volatile memory means, said
detection means responsive to said interrogation signal
for transferring said count from said non-volatile mem-
ory means to said shift register.

48. A first unit adapted for use in a bi-directional
signal transmission system, further including a second
unit and an inductive coupling wherein a first signal is
transmitted via the inductive coupling in a first direc-
tion to the second unit and a second signal is transmitted
in a second direction opposite to said first direction via
the inductive coupling from the second unit, said first
unit comprises:

(a) a winding comprising a separate part of the induc-

tive coupling;

(b) first means for generating and applying said first
signal to said winding, said first signal comprising a
timing component indicative of when no current
flows through said winding from said first unit; and

(c) second means enables by said timing component
for receiving said second signal from said winding.

49. The first unit as claimed in claim 48, wherein said
second means is enabled for a transmission interval by
said timing component for receiving said second signal.

80. The first unit as claimed in claim 48, wherein said
first means generates said first signal so as to also com-
prise a power component for energizing the second
unit.

51. The first unit as claimed in claim 50, wherein said
second means is responsive to said timing component
for receiving said second signal during a transmission
interval, and said first means generates said first signal
to be free of said power component during said trans-
mission interval.

52. The first unit as claimed in claim 48, wherein said
first means generates said first signal to comprise a series
of pulses, said first means responsive to said timing
component to select certain of said pulses to define a
transmission interval during which said second means is
enabled to receive said second signal.

53. The first unit as claimed in claim 52, wherein said
first means further comprises means for modulating said
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certain of said pulses to define said transmission inter-
val,

54. The first unit as claimed in claim 48, wherein said
first means generates said first signal so as to further
comprise an information component.

55. The first unit as claimed in claim 54, wherein said
first means generates said first signal to comprise a se-
quence of regular pulses, said first means responsive to
said timing component to select certain of said regular
pulses to define a transmission interval during which
said second means is enabled to receive said second
signal, and means for modulating selected of said regu-
lar pulses with information to be transmitted as said
information component of said first signal to the second
unit.

§6. The first unit as claimed in claim 55, wherein said
first means generates said first signal with a power com-
ponent for energizing the second unit, said first means
generates said first signal to be free of said power com-
ponent during said transmission interval.

57. The first unit as claimed in claim 48, wherein the
second signal is selective modulated with a burst of high
frequency signals, said second means being enabled by
said timing component for a transmission interval to
receive the second signal and for detecting the presence
or absence of said high frequency signals.

58. The first unit as claimed in claim 57, wherein said
second means comprises means enabled during said
transmission interval to count said high frequency sig-
nals of said burst to provide a count indicative thereof.

§9. The first unit as claimed in claim 58, wherein said
second means further comprises means for comparing
said count with a predetermined count and, if greater,
for providing an indication of the presence of said burst
and, if less, for providing an indication of the absence of
said burst.

60. The first unit as claimed in claim 48, wherein said

first means comprises a push-pull amplifier for amplify-
ing said first signal before applying same to said wind-
ing.
61. The first unit as claimed in claim 60, wherein said
push-pull amplifier comprises first and second transis-
tors, each having a base for receiving said first signal
and collectors tied together to output said amplified
first signal.

62. The first unit as claimed in claim 48, wherein said
first means comprises means for generating a pair of said
first signals, each of said pair of first signals comprising
a train of regular pulses, which is complementary to
said regular pulses of said other train.

63. The first unit as claimed in claim 62, wherein said
winding comprises first and second ends and a center
tap, said pair of trains of complementary regular pulses
being respectively applied to said first and second ends
of said winding.

64. The first unit as claimed in claim 63, wherein said
first means further comprises means coupled to said first
and second ends of said winding for isolating said gener-
ating means from said winding.

65. The first unit as claimed in claim 64, wherein said
isolating means comprises first and second field effect
transistors, each having a drain coupled to its respective
of said first and second ends of said winding and gate
coupled to receive respectively a corresponding one of
said trains of regular pulses.

66. A second unit adapted for use in a bi-directional
signal transmission system further including a first unit
and an inductive coupling, wherein a first signal having
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a timing component is transmitted via the same induc-
tive coupling in a first direction from the first unit and
a second signal is transmitted in a second direction op-
posite to said first direction via the same inductive cou-
pling to the first unit, said second unit comprises:

(a) a winding comprising a separable part of inductive.

coupling; and

(b) means responsive to said timing component for
generating said second signal bearing data and
applying said second signal to said winding at a
time to reduce the interference between said first
and second signals as they are transmitted through
the inductive coupling.

67. The second unit as claimed in claim 66, wherein
said first signal further comprises a power component,
and said second unit further comprises energy conver-
sion means coupled to said winding for providing the
sole energization of said second unit in response to said
received power component.

68. The second unit as claimed in claim 66, wherein
said second unit further comprises second means for
monitoring a condition and imposing data upon said
second signal indicative of the monitored condition.

69. The second unit as claimed in claim 68, wherein
said second means is associated with a utility measuring
meter and imposes on said second signal data corre-
sponding to the consumed utility as read by the meter.

70. The second unit as claimed in claim 66, wherein
said first signal further comprises a power component,
and said second unit further comprises energy conver-
sion means coupled to said winding for providing the
sole energization of said second unit in response to said
power component of said first signal.

71. The second unit as claimed in claim 66, wherein
said first signal further comprises an information com-
ponent, and said second unit further comprises demodu-
lating means for detecting and demodulating said infor-
mation component of said first signal.

72. A second unit adapted for use in a bi-directional
signal transmission system including a first unit and an
inductive coupling, wherein a first signal is transmitted
via the inductive coupling in a first direction from the
first unit, said first signal comprising a first train of
regularly occurring clock pulses, selected of said pulses
being deleted to define a transmission interval, and a
second signal having a data component is transmitted in
a second direction opposite to said first direction via the
same inductive coupling to the first unit, said second
unit comprises:

(a) a winding comprising a separable part of the in-

ductive coupling; and

(b) means for generating and applying during said

transmission interval said second signal to said
winding so as to reduce the interference between
said first and second signals as transmitted through
the inductive coupling.

73. The second unit as claimed in claim 72, wherein
said generating and applying means further comprises
means responsive to said selected of said pulses for
initiating the generation of said second signal.

74. The second unit as claimed in claim 73, wherein
there is further included energy conversion means cou-
pled to said winding for providing the sole energization
of said second unit in response to said clock pulses.

75. The second unit as claimed in 73, wherein said
generating means comprises clock detect means cou-
pled to said winding and responsive to the presence at
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said winding of said clock pulses of said first signal to
generate a clock signal. '

76. The second unit as claimed in claim 75, wherein
said generating means further comprises synchronizing
means responsive to said clock signal for processing said
second signal in synchronism with said clock signal.

71. The second unit as claimed in claim 76, wherein
said generating means further comprises means for pro-
ducing a high frequency signal of a frequency greater
than that of said clock signal, and means responsive to
said data for selectively applying said high frequency
signal to said winding.

78. A first unit adapted for use in a bi-directional
signal transmission system, further including a second
unit and an inductive coupling, wherein a first signal is
transmitted via the inductive coupling in a first direc-
tion to the second unit and a second signal is transmitted
in a second direction opposite to said first direction via
the same inductive coupling from the second unit, said
first unit comprises:

(a) a winding comprising a separable part of the in-

ductive coupling;

(b) first means for generating and applying said first
signal to said winding, said first signal comprising a
power component and a timing component for
defining a transmission interval free of said power
component; and

(c) second means enabled during said transmission
interval for receiving said second signal when no
power component is applied to said winding from
.said first unit.

79. A first unit adapted for use in a bi-directional
signal transmission system, further including a second
unit and an inductive coupling wherein a first signal is
transmitted via the inductive coupling in a first direc-
tion to the second unit and a second signal is transmitted
in a second direction opposite to said first direction via
the same inductive coupling from the second unit, said
first unit comprises:

(2) a winding comprising a separable part of the in-

ductive coupling; and

(b) means for generating and applying said first signal
to said winding, said generating means comprises
means for generating a train of regular clock
pulses, and means for deleting selected of said
clock pulses to to define a transmission interval
during which the second signal is transmitted via
the same inductive coupling to said winding.

80. the first unit as claimed in claim 79, wherein there
is further included means coupled to said winding and
enabled during said transmission interval for receiving
said second signal from said winding,.

81. The first unit as claimed in claim 79, wherein said
generating means generates a second train of regular
clock pulses, which is complementary to said first men-
tioned train of regular clock pulses.

82. The first unit as claimed in claim 80, wherein said
winding comprises first and second ends and a center
tap, said first mentioned and said second trains of com-
plementary regular pulses being respectively applied to
said first and second ends of said winding,.

83. A first unit adapted for use in a bi-directional
signal transmission system, further including a second
unit and an inductive coupling wherein a first signal is
transmitted via the inductive coupling in a first direc-
tion to the second unit and a second signal is transmitted
in a second direction opposite to said first direction via
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the same inductive coupling from the second unit, said
furnished unit comprises:

(a) a winding comprising a separable part of the in-
ductive coupling;

(b) means for generating and applying said first signal
to said winding, said generating means comprises
means for generating a train of regular clock
pulses, and means for selecting at periodic intervals
certain of said clock pulses to define a sequence of
corresponding transmission intervals during which
the second signal is transmitted via the same induc-
tive coupling to said winding; and

(c) second means enabled during each of said trans-
mission intervals for receiving said second signal
from said winding.

84. A bi-directional signal transmission system com-

prising:

(a) an inductive coupling comprising separable first
and second windings, wherein a first signal is trans-
mitted via said inductive coupling in a first direc-
tion and a second signal is transmitted in a second
direction opposite to said first direction via said
inductive coupling;

(b) a first unit comprising means for generating and
applying said first signal to said first winding, said
generating means comprises means for generating
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a train of regular clock pulses, and means for select-
ing at regular intervals certain of said regular clock
pulses to define a sequence of corresponding trans-
mission intervals during which said second signal is
transmitted via said inductive coupling, and means
enabled during each of said sequence of transmis-
sion intervals for receiving said second signal from
said first winding;

(c) a second unit comprising means responsive to
each of said transmission intervals for generating
and applying a sequence of corresponding second
signals to said second winding at time to reduce the
interference between said first and second signals
as they are transmitted via said inductive coupling.

85. The bi-directional signal transmission system as
claimed in claim 14, wherein said inductive coupling
means is saturable, said transmission interval is of a
sufficient length to permit said coupling means to de-
saturate to a level to permit efficient transmission of said
second signal.

86. The bi-directional, digital signal transmission sys-
tem as claimed in claim 15, wherein said transmission
interval is of sufficient length to permit said transformer
to de-saturate to a level to permit efficient transmission

of said response signal to said interrogation unit.
* * £ * *



